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Instructional Goal

This module is intended to give an overview of the prompt effects that follow detonation of an IND. This
includes injury, structural damage and prompt radiation and thermal exposure.

Instructional Objectives

e Define prompt effects from a low-yield nuclear explosion

e Define Planning Guidance (damage) zones

e Review recent studies and current understanding of nuclear effects
e Review response strategies

At the completion of training, the trainee will be familiar with:

The different types of prompt effects following detonation of an IND, as well as know the Planning Guidance
damage zones.

Handouts
Student Guide

References
National Response Framework, Department of Homeland Security, January 2008.

Planning Guidance for Response to a Nuclear Detonation, Developed by the Homeland Security Council
Interagency Policy Coordination Subcommittee for Preparedness & Response to Radiological and
Nuclear Threats.

Trainee Preparation

This presentation is the second in a series, Previously covered material Includes:
= Nuclear Detonation Modeling and Response Planning
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0- INTRODUCTION - Introduce Presenter and
summarize experience and qualification

Los Angeles Prompt Effects Summary
e Introduce yourself

e Explain your background
e Why you are giving the presentation

Define presentation objectives

& FEMA & 1INLPRIS-H097N ) NOSA

Objectives
= Define prompt effects from a low yleld
nuclear explosion

= Review recent studies and current
understanding of nuclear effects

= Define planning guidance zones

= Review response strategies

= FEMA & LM PRISAOATTY NISA

1. Defining Different Effects

National Planning Scenario # 1 is a 10kT nuclear detonation
in downtown DC. An overview of the basic effects can be
seen in this image.

This module will focus on the prompt effects from a low yield
nuclear detonation. Prompt Effects are those that radiate
outward from the detonation site. It includes:

e Light and thermal radiation

e Blast wave and shock effects

e Radiation given off during the criticality and first

minute of fission products
e Electro-magnetic pulse

Fallout Effects and Properties will be discussed in a separate
module

National Planning Scenario #1; Low Yield Nuclear Detonation sewes

LLNL-PRES-409771/492023
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Prompt Effects

The magnitude and relative range of these effects change
with yield.

As can be seen on this figure, blast effects (represented by
the red, blue, and light blue solid colors) and Thermal Effects
(red dashed line) scale together with changing yield, however
prompt radiation effects ranges contract much more slowly
with decreasing yield make prompt radiation the more
dominant prompt effect at very low yields like 0.01kT

‘.

Prompt Effects Radiate Outward from Detonation wees

The following slides represent the “Prompt Effects” in the
scenario of a 10 kT improvised nuclear device being
detonated in downtown Los Angeles.

“® Click — Light of a Thousand Suns...appears
The detonation of an improvised nuclear device would
produce a flash of light that is equivalent to a thousand mid-
day suns at a mile away.

A 10KkT yield is about equivalent to the explosive power of
5,000 Oklahoma City Truck Bombs

For this scenario, we used;
e The detonation took place on the ground level at S.
Grand Ave and W. 6" St.
e The population estimates are based on a typical Los
Angeles workday
e The weather profile is taken from actual weather
conditions on July 15, 2006

The information from these slides may be used to model a
detonation in other large cities, although similar response
planning information guides are being created for other Tier
1 cities.

“B Slide Transition —Animation on flash blindness
begins

LA Example: Downtown 10kT

The Light of a Thousand Suns

scen at | mide for those with line of sight

* Scenaro Presumptions

& HRT Yiek! caprvallam 1o 3000 Oklaboms Uity Trsok Bombs |
* Ground [evel Delomatson ot B Ctaml e and W 4% 5
o Low Anpedes Workdm
o Woaber peodide fom Aab 159 2004
* Simiksr responss plaosing nfmaton bomyg doveloped for othar Ther § citas
Homeland
N Security
LT e ]
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2- Prompt Effects

Flash Blindness

The bright flash of light produced by the Detonation of an
IND can temporarily blind anyone who sees it within a few
miles. This blindness may last for several seconds to,
perhaps, minutes. Not a big deal if you are standing on a
street corner, but could be a pretty big deal if you are driving
60mph down the freeway. We can expect most roads within
a 10km range to be snarled with accidents and many injuries
would occur.

“® Slide Transition —Animation of zoom-out begins

* It can expected that most roads within about a six mile range
will be snarled with accidents and many injuries would occur.

* The potential for flash blindness would be worse at night time,
and could cause accidents much further out.

Accudents and Congestion Caused by Flashblindness

Accidents and Congesuon Caused by Flashblindness

3- Homeland
W Security

Damage Zones

Radiating outward from Ground Zero will be three blast
zones — Severe, Moderate and Light. These will be
characterized by injury level and damage done to structures.

LLNL-PRES-409771/492023
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Severe Damage Zone

Blast effects are the damages/injuries done to
structures/people following detonation.

“D Click —Severe Damage Zone appears
The Severe Damage Zone extends to about half a mile from
the blast site. This zone will see severe structure damage
from the initial blast wave, and most likely fatal injuries from
the blast, thermal pulse, and prompt radiation.

For a 10KT, this would extend about % a mile

Outer Edge of Severe Damage Zone to the
Moderate Damage Zone

Although this zone has the most potential for saving lives,
the closer responders go towards the Severe Damage Zone,
the less likely they are to find survivors. Structures close to
the Severe Damage Zone are less likely to remain standing.

These pictures, from a test detonation in the Nevada desert,
demonstrate the damage done to buildings near the Severe
Damage Zone.

“® Click -Video of detonation begins

The initial thermal pulse, which originated one mile away,
starts the house on fire. The blast wave comes first as
positive pressure which rips the house apart. This is followed
by negative pressure moving the opposite direction. Severe
radiation and burn injuries will occur, especially to those
outdoors.

N TV owbiopie i 1 44 ol b+ Sl - 4k

Moderate Damage Zone (MDZ)

~ ¥ Mile from 10KT

P gt B B8 b BT b .

- £ & un-prasaenm

LLNL-PRES-409771/492023

Page | 6



‘ 'M
{, \
) 7 Navonat Mactear Secur r/;!mnmurr.v‘cn

Federal IND Response Planning Instructor Guide

The shockwave movement underground also creates — ) . di l
S tu CO t

damage to tunnels, such as subway systems , and A R T e
. . lifeline damage with ground shaking
infrastructure such as water mains, power, Lifelines: Gas. sloctncal and water Snes, S
telecommunications, and gas conduits.

Analysis by Los Alamos National Laboratories using data
from nuclear tests at the Nevada Test Site and extrapolation
from earthquake damage of the effects on these systems

Figmee 1 Baiied ptpetie: enden oarthqeshes  ducthe (1o [Uper wTA whomh |ents w1 bng

indicate that: [ Ao e Sy tor x gy e
Water, power and Telecommunication conduits may be ”"':"“:?’?'::ri Eﬁgﬁg@?&?‘“'"“""““°""':"‘”'°“‘"‘
damaged out to 120 meters from a 10 kT surface detonation. | ...c..w weimmn s s
Larger tunnels, such as subway systems may be damages IR G maTa NISA
out to 250 meters (~ 2 city blocks) from a 10kT. Subway Construction: Extrapolating
Since the Severe Damage Zone extends ~ % mile (~800m), from Nevada Test Experience
this means that the primary underground infrastructure e Mo Moty For R Mg ey
damage is contained by the Severe Damage Zone % EEPRPOA M NN S A B R
o 10kt 200.250m
. Tkt 90120 m

y » Svaw
«v-rv--q T 3 e B A B S R W I OO

- T
(s v 2w e s v - By e vw WA e s v wv—
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5 FEMA & i PHiS 49T NISK
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Moderate Damage Zone

Blast effects are the damages/injuries done to
structures/people following detonation.

“D Click —-Moderate Damage Zone appears
From % a mile to 1 mile from the blast site of a 10KT is the
moderate damage zone, This is the area with a large
number of significant injuries and represents the area with
the most life-saving potential.

This area has significant structural damage and fires. Victims
in this area have the greatest chance of avoiding deadly
radiation doses by seeking shelter immediately.

WF Security

Outer Edge of Moderate Damage Zone to Light
Damage Zone

The outer edge of the Moderate Damage Zone typically
shows building damage consisting of broken glass and partial
destruction of weaker structures. Injuries in this zone are
mainly from broken glass.

“B Click —-Movie of breaking glass from blast begins
This animation depicts the timing and type of effects that
might be observed on the outer edge of the moderate
damage zone.

The bright flash will be followed by a “thump” as the shock is
transmitted through the earth. This will be followed in
several seconds by the air blast which will severely damage
many structures and blow the glass into building causing
injuries and bringing the fagade of many building tumbling
into the street.

This type of debris poses serious injury risks to those in the
building and on the ground below.

“® Slide Transition —Image grows and LDZ appears

Outer Edge of Moderate Damage Zone (MDZ)
= 1 Mile from 10KT

Animation depics teming and damage trom Mo
outet ocdge (1 mile for 10XT) of MDZ

LLNL-PRES-409771/492023
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Light Damage Zone

The last blast zone is the light damage zone. This extends
from one to three miles from a 10KT and represents the
largest of the three blast zones.

The majority of injuries within this zone consist of cuts from
broken glass. There will also be minor structural damage,
mainly consisting of the destruction of large, weak and flat
surfaces.

Light Damage Zone
Cuter b ¥ May De dabned by the pr of Mosty
NG glass injsaves.
1. Zotve extenia from ~1 mile up Yo ~3 mten [1OKT Example)
2. Damage NOT coused by dynamic twind-Ghej pressure, but the “shockwava” of

3. Damage not [ust to windows, but other larger flal [and wesk) features

The damage in this area is caused by the “shockwave”
following the blast. This is similar to a “sonic boom” and
consists of free field overpressure. The images to the right
are a mile and half from an accidental explosion in
Henderson Nevada of a booster rocket manufacturing
facility. The explosion was estimated to be the equivalent of
~ 1KT.

As can be seen in the image, the office glass has been blown
into the building and the ceiling tiles have caved in. The
large flat roof of the warehouse also collapsed.

Injuries in this area are expected to survivable lacerations
and minor crush injuries.

Light Damage Zone {1 to 3 miles)

Se s Som Kl
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3. Other Effects

Urban Mitigation of Line of Sight Effects

The ranges of effects previously discussed are really only
relevant for an open plane (like the Nevada Desert where the
tests were conducted).

The protection afforded by the urban environment can
greatly reduce the number of previously calculated burns
and radiation exposure that have been cited in many
previous studies.

These images, which model a ground level, low yield nuclear
detonation, demonstrate how some types of radiation and
thermal effects are greatly mitigated by the urban
environment.

The blue and green areas on the images represent low
(survivable) exposure levels. Without the urban
environment, most the images would represent harmful
levels of gamma radiation and thermal burns.

Another key point is that the ranges for these effects are not
uniform, and perfect “circles” depicted on earlier slides
should be taken as examples of maximum ranges and not an
average range.

N
0

Urban Mitigation of Thermal and lonizing Radiation ./

R ]

Fronvst thermsl seporases = the SRew evv e

C e e e
Frzoipe gueres Scem = the crter evzemert
= The green and blue areas represent low exposure levels

= The urban environment reduces the range of ionizing
radiation and thermal effects

« Effects are non—urniform (not perfect arcles)

" e 00D N AARCNT
TETe oy B LR A LS

Building Damage is Non-linear

The circles of blast effect can also be misleading. Blast
“waves” can be greatly modified as they move through the
urban environment. The overpressure can be reflected off of
buildings, channeled down streets, and even reflected off of
different layers of the atmosphere.

You can see that some building collapse beyond the range
predicted by the ideal air blast model because of this
phenomenon.

Also, some building can survive unscathed fairly close the
detonation.

Actual Bullding Damage Not Represented by Rings

- [ » Damage depends on
LR e | building type.

: = Blast wave propagation
through the urban
environment, and

= Reflection off of
atmospheric and
geographic effects

LLNL-PRES-409771/492023
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Rubble

The damage and collapse of buildings will also create
significant amounts of rubble and debris in urban canyons.
This graphic from ARA demonstrates that rubble, often 10s
of feet of rubble, which can block urban roadways and limit
the movement of evacuees and responders.

Rubble and Debris in Urban Canyon

* Building collapse and
damage willcreate
rubble and debris on
streets,

= Severalfeetofrubble
in the urban canyons,

* Impedes evacuation
and response
activities.

- ——— s ——— e

Damage Zone Ranges Change with Yield

The size of the IND determines the area covered by each
damage zone. It is important to have some idea of the
detonation size to help determine zones when starting the
response process. Failing to do this could cause harm to
emergency responders.

Damage Zone Ranges Will Change With Yield

10 KT

i i
| W Severe Damage Zone ||
~ |l Moderate Damage Zone |
| ) Light Damage Zone 1

— —

1KT

0.1 KT

0 1 2 3 4
Miles from ground-zero

Radiation Zones Take Precedent
When determining damage zones, radiation levels must also
be taken into account. After determining the path of the
dangerous radiation zone from fallout, certain rules will
apply. These are:
e The dangerous radiation zone from fallout will
overlap damage zones

e When zones overlap, radiation precautions take
precedent — even if responders know there are
victims within the moderate and light damage zones,
they should not enter until dangerous radiation levels
are no longer present

o Initial efforts should focus on the portions of the
damage zones that are outside the dangerous
radiation areas — responders should initially wait to

Dangerous Fallout Zone Precautions Take

* The Dangerous Fallout Zone (OFZ) will overlap the damage 2ones
* When zones overlap. DFZ precautions take precedent

« Inlial efforts should focus an e portions: of the damage 200es hat are
outaide of the DF2

LLNL-PRES-409771/492023
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enter areas within the light and moderate damage
zones, and focus on responding to areas outside of
the dangerous fallout zone

Zoned Approach to Response

“® Click -Defining Zones appears
A well-thought out response plan can help maximize life-
saving potential, and minimize the risks to emergency
responders. When setting up a response plan, it is important
to:

Zoned Approach to Response
» The Severe, Moderate, and Light Damage Zones are
defined by observable blast effects and the specific
yield or distance from detonation is notneed to
determine prompteffectzones

“There are no clear boundanes between the representative
damage zones resuling from a nuclear explosion, but generally,
the iight damage (LD) zone is charactenzed by broken windows

and easily managed injunies, the moderafe damage (MD) zone by
sigrificant buifding damage, rubble, downed utility lines and some
downed poles, overturned aufomobiles, fires, and Senous injunes.
andthe severa damage (SO) zone by completely destroyed
infrastructure and high radiation levels resulting in unlikely survival

ofvictims.”
e ga “Plamning Quidance for Responze to @ Nuclear Detonation —
= FEMA & LN -PRFS-S99Tn NISA

Recognizing the Light Damage Zone

As an example of how to recognize the varios prompt
effect zone, let us review the zone description from the
planning guidance.

For the light damage zone...

For the moderate damage zone...

For the Severe damage zone...

Recognizing the Light Damage Zone

= Neary all windows will be broken and there will be extesmal
panel damage on mest srucures

* The damage in this area will be highly vanable as shock
waves rebound muple smes off of bullangs. the terrain, and
even (he atmosphere

* A5 a responcer moves mward windows and dooes will be
blown in and guiters, wincow shumers, roofs, and lightly
constructed buddings will have increasing damage

« The severity of inguries respaness will encountes in he LD
zone should be relatively hght and, consist of mastly
Supesficial wounds with occasional flash buens

& FEMA © e rursdemin NOISA

Recognizing the Moderate Damage Zone

+ Respunchers may axpact they are tramaboreng isto the MDZ when
bylting damnge bacomes substartis, such ae blown ot buidng
irtenors, blown down usity knes. overtumad auomchiles. caved soofs
some collapead buldngs. and fires

« In e MOZ sturdwr buddngs {e g - renforced concrote) wil ramam
stancing. Aghter commencial and mubiune msdential buddings may be
fallen of structurally unstabie. and many wood frame houses wi be
destoyed

+ The MOZ & eapected 50 hiwve the highest propendion of Survivedde
wictisns' whio tecgpies medical breatiosnt

* The MDZ presenis sigmificast bazads 1o cesponse workars. noudng
slevated radalon jevels snstable buldings and other structyres. cowned
power ines. nuptured gas ines, kazardous chemicals, asbesios ad othe:
particuiates reledsed from damaged buddngs. and shap metal cbjects
and broken giase. foraiich consideration and plamning s needed

& FEMA b L P55 308 NISA
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Recognizing the Severe Damage Zone

« Few, if any. buildings are expected to be structurally sound of
even standing

* Very few people would survive however, some people
protected vathin stable structures (e.g . subterranean parking
garages or subway tunnels) at the ime of the explosion may
survive the iniial blast

* Very high radiation levels and other hazards are expecled in
the SDZ, significantly increasing nsks to survivors and
responders Responders should enter this zone with greatl
caution, only to rescue known surnivors

* Rubble in streets is estmated to be impassable in the SDZ
making timely response impracticable

5 FEMA & LIN-FRES00TT1 NISHA

6. Conclusion

e Many existing models will over-predict thermal and
prompt radiation effect ranges in the urban
environment

— Responders should be aware that while they
should not initially enter areas with dangerous
fallout levels, these levels will fall quickly

e Blast will be a primary injury mechanism and can
cause damage and injury several miles from the
detonation site

— 100,000s casualties can occur from the
prompt effects in the first few minutes within
a few miles of detonation site,

— Overall number of casualties likely to be
reduced by protection from the urban
landscape and being within heavy buildings,
however

— Tertiary effects (building collapse, glass and
debris missiles, and flash-blindness accidents)
may increase number of casualties.

e Federal planning guidance has defined several
damage zones based on observable effects
— Severe Damage — responders should not focus
on this area, as radiation levels will be too
high and survival is unlikely
— Moderate Damage — This should take highest

6.

Conclusions —

= Many existing models will over-predict thermat and
prompt radiation effect ranges in the urban environment

Blast will be a pnmary injury mechanism and can cause
damage and injury several miles from the detonation sie
= Federal planning guidance has delined several damages
zones based on observable effects

« Severe Damage, notan inital prionty

« Moderate Damage. high pronty area for ife saving

« Light Damage lowerinitial pnonty
« Fallout radiation hazards may exist on some parts of

these zones the salely precautions described in the
Falfout section take precedent ‘

LLNL-PRES-409771/492023
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priority as there is the highest potential to
save lives

— Light Damage — This is a lower initial priority,
as most injuries can be treated with minimal
or no medical care.

¢ Fallout radiation hazards may exist in some parts of
all zones. Safety precautions should be taken within
every zone

Review the “Check Your Understanding” slide with
the Student
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